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 Abstract 
A  series  of  nano  hydroxyapatite-gelatin  composites  with  different  dilute  solutions  of  gelatin 
concentrations were synthesized by a thermally assisted low power ultrasonic irradiation method. 
The  gelatine  hydroxyapatite,  (Gel-HAP)  nanoparticles  were  prepared  using  Ca(NO3)2  and 
KH2PO4 in the presence of gelatine in an aqueous solution. The synthesised products were heat 
treated between 100°C and 400°C.  The effect of the addition of gelatin on the nucleation and 
growth of synthesised nano HAP was investigated. Characterisation was performed using X-ray 
diffraction (XRD), field emission scanning electron microscopy (FE-SEM) and Fourier transform 
infrared  spectroscopy  (FT-IR).  The  characterisation  results  indicate  that  gelatin  has  been 
appended to the nano HAP forming regular spherical shaped crystals of nano sized Gel-HAP.  
Keywords: Nano hydroxyapatite, Ultrasound irradiation, Gelatin, Chemical synthesis, Bone tissue 
engineering.  
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1.0 Introduction 
Bone or osseous material is a hard connective tissue that forms part of the skeletal system and 
is comprised of a matrix hardened by deposited calcium phosphate and other minerals. A bone 
disorder such as osteoporosis is a growing concern in many aging population and is associated 
with bone loss and development of bone brittleness and fractures. In the treatment of bone 
diseases, such as bone tumours and all similar defects, bone substitutes are needed in the 
repair/replacement of the infected bone tissue and for the treatment of fractures [1].  The 
preferred  type  of  treatment  involves  the  use  of  autologous  bone  as  it  displays  excellent 
biocompatibility and osteogenic capacity but problems such as donor site morbidity and its 
limited supply have led to a search for artificial bone grafting materials [2].  Xenogenic and 
allogenic  bone  grafts  have  shown  higher  response  from  the  immune  system  and  the 
possibilities of pathogen transmission have led to the research and development of synthetic 
biocompatible  materials  [3].  A  range  of  inorganic  material  such  as  calcium  phosphate 
cements, porous coralline, and calcium sulphate material have been investigated in the past 
and shown to display good bioactivity [4, 5].  
Calcium phosphate apatite is an important class of biomaterial with hydroxyapatite (HAP) 
being by far the most important biomineral, accounting for up to about 65 wt% of cortical 
bone and 97 wt% of dental enamel in mammalian hard tissue [6]. Natural bone is a complex 
living natural organic and inorganic composite material consisting of type I collagen fibrils 
with embedded well-arrayed nano crystalline inorganic material of HAP [7-9]. Synthetic HAP 
has the stoichiometric chemical formula of Ca10(PO4)6(OH)2 and HAP has been shown to 
exhibit excellent bone substitute qualities for hard tissues because of its biocompatibility and 
biodegradability.  In  addition,  HAP  has  shown  great  stability  under  various  physiological 
conditions [10-11].   
Research  into  nanostructures  and  nano  synthetic  methods  have  discovered  different  nano 
forms of HAP with many properties such as different shapes, rods, tubes, plates and spheres 
[12-14].  Whilst Jun et al showed that HAP nanoparticles inhibit the growth of hepatic tumour 
cells  and  have  stronger  anti-tumour  effect,  Li  et  al  demonstrated  a  beneficial effect  of  a 
nanocomposite  of    HAP  and  chitosan  on  human  gastric  cancer  cells  [15-16].  Another 
advantage of HAP is that it is biocompatible as implants and provides a biological scaffold for 
bone  formation.  However,  a  disadvantage  of  pure  synthetic  HAP  is  its  low  load  bearing 
capacity,  which  can  be  alleviated  somehow  by  the  addition  of  another  material  such  as 
polylactide (PLA) and collagen whereby the mechanical properties of the HAP composite 
biomaterials  can  be  significantly  improved  [17-19].  Many  organic  and  inorganic  based 
composites,  such  as  collagen-HAP,  gelatin-HAP  (Gel-HAP),  Polylactide-HAP  composites 
have been prepared and reported to have significant advantages over pure HAP [20-22]. The 
purpose of making such composites is to improve the bone bonding and mechanical properties 
of HAP composite [23].  
In tissue engineering there is a high demand for synthetic bone substitutes due to various 
diseases,  accidents  and  age  related  problems.  The  current  research  interest  on  bone 
composites has focused on the fabrication of artificial bone-like nano composites such as Gel-
HAP [24-25] for bone replacement therapies. Natural bone being a nano composite of HAP 
ceramic and organic structures such as collagen structures containing gelatine (GEL) has been 
a favoured option. A composite of nano size Gel-HAP can be prepared by dispersing nano 
HAP powders in concentrated gelatine solutions [26-28]. This method of producing nano Gel-
HAP composites has the disadvantage of the nano HAP powder agglomerating, making it 
difficult to form a controlled structure [23]. Another method used to synthesise Gel-HAP nano 
composites is via precipitation of HAP within a gelatin gel [24, 29-31]. Using this method it is 
easier  to  develop  a  controlled  porous  structure  of  composites  that  when  implanted  into   
damaged bone, induces better blood circulation and bone in-growth. Kim et al., developed 
Gel-HAP porous nanocomposites by the precipitation of HAP nano crystals within a gelatin 
matrix and studied their osteoblastic cellular responses in comparison to traditionally prepared 
Gel-HAP composites [28]. Their findings suggested that Gel-HAP nanocomposites obtained 
by the precipitation method showed higher degree of osteoblast cells attachment than to the 
conventionally made Gel-HAP micron size composites.  
In  the  area  of  sonochemical  synthesis  of  HAP,  Jevtic  et  al  used  of  unique  properties  of 
sonocrystallisation to manufacture nanorods of HAP with a high-intensity (750W system) 
ultrasound system [34]. In addition, a recent study by Ethirajan et al in 2008 has shown the 
value of using high-powered ultrasounds in combination with a high concentrated solution of 
gelatine  to  generate  GEL-HAP  nanospheres  by  a  reverse  micellar  method  [35].  In  2009, 
Poinern et al [36] investigations into nano HAP indicated that the size, crystal structure and 
morphology of pure Nano-HAP spheroids were enhanced by the use of low power ultrasonic 
irradiation in the synthesis process.  
The present work investigates the combined effect of dilute gelatin concentration and low 
power ultrasound irradiation on the formation of nano HAP. A precipitation method assisted 
with  low  powered  ultrasonic  irradiation  was  used,  this  was  then  followed  by  a  thermal 
treatment over a temperature range of 100 °C – 400 °C. We study the effects of low power 
ultrasonic irradiation on the size, morphology and crystal structure of the resulting Gel-HAP 
matrix.  Furthermore  a  comparison  is  made  with  respect  to  the  Gel-HAP  matrix  prepared 
without ultrasonic assisted synthesis. The nano Gel-HAP powders formed were characterised 
using X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM) and 
Fourier transform infrared spectroscopy (FT-IR). 
   
2.0 Materials and Methods 
 2.1 Materials 
Ca(NO3)2.4H2O (99% pure), KH2PO4 (99% pure) and ammonia solution were used as Ca
2+, 
PO4
3-,  and  OH
-  sources.  All  the  source  materials  and  gelatin  were  supplied  by  CHEM-
SUPPLY. The ultrasonic processor was an UP50H (50 W, 30 kHz, MS7 Sonotrode (7mm 
diameter,  80  mm  length))  by  Hielscher  Ultrasound  Technology.  MilliQ  water  was  used 
throughout the experiments. 
 2.2 Experimental Procedure  
2.5 ml of ammonia was added to 40 ml of 0.32 M Ca(NO3)2·4H2O solution. The pH value of 
the solution at this stage was between 9 and 11. Gelatine (1 g) was completely dissolved in 
1000 ml MilliQ water at 40 °C. 2 ml of the prepared gelatin solution was then added to the 
above Ca
2+/NH3 mixture. The mixture was sonicated with 30 kHz ultrasonic irradiation source 
rated at a power of 50 W.￿At the same time 60 ml of 0.19 M KH2PO4 was slowly added drop 
wise to the above mixture. The whole solution was kept under ultrasonic irradiation for 1 
hour. The pH value was checked and maintained at pH 9 at all times and the Ca/P ratio was 
adjusted  to  1.67.  The  resultant  white  precipitate  was  filtered  by  centrifugation,  which 
produced thick slurry. The slurry was partitioned into 4 parts. Each part was heat treated in a 
tube furnace for 2 hours at a specific temperature of 100 ºC, 200 ºC, 300 ºC and 400 ºC. This 
produced Gel-HAP powders in granular form. 
The  above  procedure  was  repeated  by  varying  the  volume  of  stock  gelatin  solution 
concentrations set at 5, 10, 20, 40 and 100 ml respectively. The final Gel-HAP products were 
grinded to a fine powder and characterised using XRD, FE-SEM and FT-IR techniques. 
   
 
2.3 Characterisation  
XRD  spectra  was  recorded  using  a  Bruker  D8  diffractometer  with  Cu  K￿  (l=1.5406  Å) 
incident  radiation  (40  kV  and  30  mA).  The  diffraction  patterns  were  collected  at  room 
temperature over a 2q range from 20° to 60° at 0.04° step size with acquisition time of 2.0 
seconds. The crystalline size of the synthesized HAP was calculated from the XRD pattern 
using the Debye-Scherrer equation and from the SEM images.  
FT-IR spectroscopy was performed using a Bruker Optics IFS 66 series FT-IR spectrometer. 
Test samples were prepared by mixing approximately 0.2 g of HAP powder together with 1 g 
of spectroscopic grade Potassium Bromide (KBr) and then pressing them to into a disk at a 
pressure of 8 kPa. Infrared spectra were recorded in the 400 to 4000 cm
-1 region. 
The structural and morphological features of HAP powders were investigated with a field 
Scanning Electron Microscope (SEM). All scanning electron micrographs were taken using 
the high resolution field emission Zeiss 1555 VP-FESEM at 3 kV with a 30 µm aperture 
under 1´10
-10 Torr pressure. 
3.0 Results and Discussions 
Figure 1 shows the XRD patterns of Nano-HAP with gelatine (0 ml, 2 ml, 40 ml and 100 ml) 
thermally treated at 400 °C with and without ultrasound assisted synthesis. The XRD patterns 
of all samples indicate the main phase is HAP with (h k l) indices consistent with phases 
incorporated in the ICDD (International Centre for Diffraction Data) databases. The Miller 
indices of the main observed peaks are (0 0 2), (2 1 1), (1 1 2), (3 0 0), (3 1 0), (2 2 2), (2 1 3) 
and (0 0 4). Peaks in the 2￿ range of 23.4°- 23.7°, 26.9°- 27.4° and much lower intensity peak 
at 40.4°- 40.9° are consistent with CaH2P2O7 phase (JCPDS No.41-0487) and are observed in   
all the XRD spectra indicating an impurity phase in the predominately HAP material. The 
XRD spectra of the 100 °C and 200 °C samples show significant and even enhanced intensity 
peaks in the 26.9°- 27.4° 2￿ range. Taking into consideration the intensity ratio of the (002) 
and (211) indexed HAP peaks, known data of the calcium hydrogen phosphate phases, such as 
CaH4(PO3)2.H2O (JCPDS 46-0494) it seems a greatly reduced CaH2P2O7 phase and possibly 
diammonium hydrogen phosphate, (NH4)2HPO4 (Acta Crystallographica B28 (1972) 2065-
2069) are present in the predominately Gel-HAP phase in the 100 °C, 200 °C and 300 °C (at 
further reduced phase amounts) treated samples. 
It is interesting to note that the (300) peak is resolved more clearly as the gelatin concentration 
increases from 0 to 100 ml for all samples that have been prepared with ultrasound irradiation. 
Concurrently the peak intensities in the 26.9°- 27.4° 2￿ range decrease for the 100 ml gelatin 
HAP samples as the temperature increases from 100 °C to 400 °C resulting in a purer phase of 
nano HAP product than that obtained from non-gelatin ultrasound irradiated HAP. The FT-IR 
spectra for the 400 °C samples verify that this is a purer phase of nano HAP with gelatine 
integrated to it, as is evident from the gelatine’s amide, carbonyl and C-H vibration modes. 
These vibration modes are not observed in the ultrasound and no ultrasound synthesised pure 
HAP samples. 
A comparison is presented in Figure 1, of the effect of ultrasonic treatment on the formation 
of nano Gel-HAP in the presence of dilute solutions of gelatine and at a thermal treatment T = 
400 °C. Figure 1 (i) is the XRD patterns without ultrasonic treatment and Figure 1 (ii) with 
ultrasonic  treatment.  The  Crystallographic  software,  Jade6,  indentified  impurity  phases  of 
calcium hydrogen phosphate hydroxide (Ca9HPO4 (PO4)5OH) in the 2￿ range 23.4°– 23.7°, 
26.9°–  27.4°  and  31°-  45°  for  all  samples.  Comparing  Figure  1(i)  and  Figure  1  (ii)  we 
conclude  that  ultrasonic  irradiation  during  the  synthesis  process  has  resulted  in  a  large 
reduction of the Ca9HPO4 (PO4)5OH phase and sharpening of the HAP peaks (especially the   
(300) peak). The XRD results indicate that ultrasound irradiation has affected the chemical 
interactions of the reacting species by possibly altering the rate of formation and chemical 
equilibrium of the calcium hydrogen phosphate hydroxide phases. 
The crystalline sizes of the synthesized Gel-HAP were calculated from the observed XRD 
patterns using the Debye-Scherer equation [37-38]. Calculated particle sizes (in nm) for the 
various gelatin concentrations, ultrasonic power and temperatures are tabulated in Table 1. 
Nanomaterials, due to  their high  surface energy  tends to agglomerate when  mixed into a 
liquid. Therefore an effective means of deagglomerating and dispersing the nanoparticles is 
needed to overcome the bonding forces after mixing the reactants with the dilute gelatine 
solution. Application of ultrasounds creates cavitations effects (high speed jets) that allows 
effective dispersion of the nanomaterials as it is being generated in solution. The average size 
range of Gel-HAP particles, over the set of gelatin concentration and temperature range, is 32 
nm (± 5%). This is in excellent agreement with previous synthesis of nano HAP particle using 
a low power ultrasound assisted method [36] only these samples have gelatine incorporated in 
the nano HAP phase. 
Figure 2 presents the FT-IR spectra of pure HAP and Gel-HAP (2 ml, 40 ml, 100 ml Gel. 
Sol.) synthesised without and with ultrasonic irradiation thermally treated at 400 °C. Figure 3 
is the FT-IR spectra of gelatine. Table 2 summarises the values (cm
-1) of the main observed 
absorption peaks from the FT-IR spectra of pure HAP, Gel-HAP and gelatine. It also contains 
the chemical species and the type of vibrational modes that produce the absorption bands.  
In Figure 2, characteristic bands for the CO3
-2 group are in the range 825-835 cm
-1 (￿2) and 
1450-1470 cm
-1 (￿3) and found in all the synthesised samples. For pure HAP samples; non 
ultrasonically as well as ultrasonically treated the presence of atmospheric CO2 interacting 
with the HAP alkaline reactant mixture is detected. The CO3
-2 replaces OH
- and tends to form   
type-B HAP [39-40]. For Gel-HAP samples (non ultrasonically, ultrasonically treated) the 
absorption bands are in the range of 1350-1390 cm
-1 and is to the presence of the Ca-COO
- 
functional group. This is due to interaction of Ca
+2 ions with the gelatine COO
- group in the 
solution to form a Ca-gelatine complex. Without the use of ultrasound irradiation, this peak 
intensity increases with the gelatine concentration, which allows us to postulate that both the 
gelatine and atmospheric CO2
 contributes to this peak. However, in the presence of ultrasonic 
irradiation, the peak intensity decreases as the level of gelatine increases, (fig 2(ii(b-d)). This 
possibly suggests that the interaction of atmospheric CO2 with HAP is reduced and thus the 
formation of the Ca-COO 
– species is predominantly due to Gel-HAP interactions. The FTIR 
data  suggests  that  these  carbonated  bands  become  less  intense  with  increasing  thermal 
treatment and results in purer HAP phases being produced [24]. 
The characteristic amino acids groups of the gelatine molecule are identified as the four major 
amides in the IR spectra [41-42]. The bands 3330, 2930, 1636–1661 and 1549–1558 cm
-1 are 
denoted as  the  A,  B,  I and  II  amide  bands,  respectively.  The amide  A  and  B  bands  are 
associated with the stretching vibrations of the N–H group. The amide I band originates from 
the C=O stretching vibration coupled to the N–H bending vibration. The amide II band arises 
from the N–H bending vibration coupled to the C–N stretching vibration. In the thermally 
treated Gel-HAP samples the positions of these four amide bands are slightly shifted from 
those observed in the pure gelatin sample. This indicates that the gelatin structure remains 
intact even after the ultrasonic irradiation. The observed peaks also have reduced intensities 
for all the bands with the amide I band at around 1660 cm
-1 shifted to 1640 cm
-1 and similar 
shifts for the other bands as tabulated in Table 2.
  
The  vibrational  modes of  interest  here  are  those  due  to  the  C￿O,  C-N, C-N-H  and  C-H 
species. These show absorption peaks in the regions of 1550 cm
-1, 1644 cm
-1, and 2925 cm
-1 
as indicated in Table 2. Figures 4 contain expanded spectra for these regions of interest for the   
400 °C reaction temperature samples and the pure gelatin sample. To compare the spectra 
accurately, the plots of the Gel-HAP samples have the same scale in the x- and y- coordinates. 
The results for the amide I & amide II bending mode, Carbonyl stretching mode and C-H 
stretch mode, as observed in the pure gelatin, confirm that gelatin has been incorporated into 
the nano HAP phase. It is interesting to note that the 2 ml Gel-HAP sample contained very 
small amounts of gelatin initially, show the amide, carbonyl species arising from the gelatin. 
Another point of interest is that at the reaction temperature of 400 °C, all samples with gelatin 
still show the amide and carbonyl species. 
Figures 5a, 5b, 5c and 5d show the FE-SEM images of the samples treated at 400 °C. These 
images are similar to those obtained for the 100 °C, 200 °C and 300 °C samples. The images 
show  small  spherical  particles  agglomerated  into  clusters.  The  Gel-HAP  particle  size  is 
similar  to  a  previous  study  [34]  but  the  topography  is  different  to  the  pure  nano  HAP 
synthesized  by  use  of  ultrasound  irradiation.  The  nano  particles  in  Gel-HAP  are  more 
agglomerated into larger clusters and it appears that there are various different agglomerations 
of nano sized pores in between the fine particles. The average size of the particles, from the 
SEM images, is determined to be 29 nm ± 5%, agreeing with the calculated grain size from 
the XRD spectra. 
Emulsification  and  homogenization  are  physical  effects  obtained  through  interaction  of 
ultrasonic waves within a liquid medium and are responsible for morphological differences 
and ordered structures. Particles formed during the process of sonolysis can modify surface 
groups of the gelatin species as discussed by Jevtic et al. [39]. The presence of gelatine during 
the growth phase of the HAP in a low-power ultrasonic field promotes lesser adhesion and 
results in a smaller and less regular spheroid shape of the Gel-HAP nano particles.   
Low powered ultrasound irradiation has assisted in the synthesis of nano Gel-HAP material 
and in the interaction processes between gelatine and the nano HAP particles. The amide and 
carbonyl species from the gelatine subsequently attach to the HAP nano particles during the 
growth phase via ultrasonic assisted chemical interaction. This also enhanced the particles 
capability to conglomerate into groups or clusters in a more or less homogenous topography.  
 
4.0 Conclusion 
Whilst many studies have investigated large concentrations of gelatine-HAP composites using 
many traditional techniques, this study investigates a combination of low powered ultrasonic 
irradiation  and  low  concentration  of  gelatin  in  the  synthesis  of  nano  Gel-HAP.  The 
synthesized  nano  Gel-HAP  has  an  average  particle  size  of  29  nm  ±  5%  and  a  different 
morphology from pure Nano-HAP by the same ultrasonic method. XRD studies have shown 
that  the  synthesised  Gel-HAP  nano  particles,  contains  a  purer  HAP  phase.  Features 
investigated with SEM and FT-IR indicates that the Gel-HAP nano particles are spherical in 
shape and conglomerate. Low power ultrasonic irradiation and temperature treatment plays a 
vital role in determining the size, morphology phase of the manufactured Gel-HAP samples. 
The presence of incorporated gelatine in the resulting nano structured hydroxyapatite after 
thermal  treatment  makes  this  material  favourable  for  potential  bone  tissue  engineering 
applications. 
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Figure Captions 
1.  Figure 1: XRD patterns of HAP and Gel-HAP (0, 2, 40, 100 ml Gel.Sol.) powders 
thermally  treated  at  T  =  400°C.  The  (h  k  l)  indices  show  the  main  HAP  phase.          
 Indicates Calcium Hydrogen Phosphate Hydroxide phases in the samples.  
2.  Figure  2:  FT-IR  spectra  of  HAP/Gel-HAP  (0,  2,  40,  100  ml  Gel.Sol.)  powders 
thermally treated at T = 400°C.  
3.  Figure 3: FT-IR spectra of Gelatine. 
4.  Figure  4:  FT-IR  patterns  (C-H  Stretch)  for  (i)  Nano  HAP,  (ii)  Gel-HAP  (  2  ml 
Gel.Sol.) , (iii) Gel-HAP ( 40 ml Gel.Sol.), (iv) Gel-HAP ( 100 ml Gel.Sol.) and (v) 
Pure gelatin.  All the samples were treated at T = 400°C.  
5.  Figure 5: 5a, 5b are FE-SEM images of a Gel-HAP sample after heat treatment at 
400°C temperatures, (scale bar = 200 nm). 5c and 5d are higher resolution images of 
same sample, (scale bar = 100 nm). 
 
   
Table Captions 
 
1.  Table 1: Particle size (nm) calculated from XRD in terms of ultrasonic power, dilute 
gelatine concentrations and preparation temperature.  
2.  Table 2: FT-IR Absorption band measurements for HAP and Gel-HAP (2, 40, 100 ml 
Gel.Sol.) powdered samples (different ultrasonic power) treated at T= 400°C.  
 
 
 
 
Supplementary Figure Captions: 
 
      1. Figure 1: Author preparing nano Gel-HAP using UP50H (50 W, 30 kHz). 
2. Figure 2: Experimental procedure for nano Gel-HAP preparation. 
3. Figure 3a: The XRD patterns for nano Gel-HAP powders with various dilute  
    concentrations of gelatine solutions (0, 2, 40 and 100 ml) thermally treated at                   
    T = 100°C. The (h k l) indices show the main HAP phase. 
      4. Figure 3b: The XRD patterns for nano Gel-HAP powders with various dilute  
          concentrations of gelatine solutions (0, 2, 40 and 100 ml) thermally treated at 
          T = 200°C. The (h k l) indices show the main HAP phase. 
      5. Figure 3c: The XRD patterns for nano Gel-HAP powders with various dilute 
          concentrations of gelatine solutions (0, 2, 40 and 100 ml) thermally treated at                 
          T = 300°C. The (h k l) indices show the main HAP phase. 
      6. Figure 3d: The XRD patterns for nano Gel-HAP powders with various dilute  
          concentrations of gelatine solutions (0, 2, 40 and 100 ml) thermally treated at                   
          T = 400°C. The (h k l) indices show the main HAP phase. 
      7. Figure 4a: FT-IR patterns (amide I bending) for (i) Nano HAP, (ii) Gel-HAP ( 2 ml  
          Gel.Sol.), (iii) Gel-HAP (40 ml Gel.Sol.), (iv) Gel-HAP (100 ml Gel.Sol.) and            
          (v) Pure gelatin.  All the samples were treated at T = 400°C. 
      8. Figure 4b: FT-IR patterns (amide II bending) (i) Nano HAP, (ii) Gel-HAP (2 ml 
          Gel.Sol.), (iii) Gel-HAP (40 ml Gel.Sol.), (iv) Gel-HAP (100 ml Gel.Sol.) and         
          (v) Pure gelatin.  All the samples were treated at T = 400°C. 
 
 
                 
Research Highlights: 
1. This study investigates the combination of low powered ultrasonic irradiation and low gelatine 
concentration in the synthesis of nano gelatine-hydroxyapatite (Gel-HAP) composites. 
2. The synthesized nano Gel-HAP has an average particle size of 29 nm ± 5% and a different 
morphology from pure Nano-HAP using the same ultrasonic technique. 
3. Low power ultrasonic irradiation and subsequent thermal treatment plays a vital role in determining 
the size, morphology, phase and symmetry of the manufactured nano Gel-HAP samples. 
 
￿
 